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Tbjectives: Patients with a coronary artery arising from the wrong sinus are
usceptible to ischemia and sudden death. Risk is higher when the artery courses
nterarterially—between the pulmonary artery and aorta—has an intramural course, or
as an abnormal orifice. In single coronary ostium without intramural course, un-
oofing and coronary reimplantation are inappropriate, and coronary artery bypass
rafting is suboptimal. For this variant, we have devised pulmonary artery translo-
ation.
ethods: A retrospective review of 18 patients undergoing repair between January
999 and March 2005 was performed. Mean age was 8.1 years (range 6 weeks–16
ears). All anomalous arteries coursed interarterially. Ten patients had a right
oronary artery from the left coronary sinus; 8 had a left coronary artery from the
ight sinus. Eleven had an intramural course, and 4 had a single coronary ostium
ithout an intramural course. Ten (56%) patients had symptoms: chest pain (9/10),
yncope (3/10), or dyspnea (2/10). Repair was implemented by unroofing (n  11),
eimplantation (n  3), or pulmonary artery translocation (1 lateral, 3 anterior). All
atients were followed up clinically and echocardiographically.
esults: At a mean of 2.2 years (2 weeks–5 years), there was no mortality.
ymptoms improved and function remained normal in all but 1 patient. He had
ustained multiple infarcts in the anomalous artery’s distribution and required
ransplantation despite repair.
onclusions: Repair is indicated in all patients with coronary insufficiency and in
symptomatic patients with high-risk morphologic abnormalities. We recommend
nroofing when an intramural component (or slit-like orifice) is present, reimplan-
ation for separate ostia without an intramural course, and pulmonary artery trans-
ocation for single ostium without an intramural course. Coronary artery bypass
rafting is thus avoided.
nomalous coronary artery arising from the wrong coronary sinus is a rare
congenital anomaly; however, certain variants carry a high risk of mortal-
ity, with sudden death often being the first manifestation of disease.1-6 The
orphologic spectrum of this entity encompasses the following: anomalous arteries
ith origin from any of the three aortic sinuses; interarterial course between the
orta and pulmonary artery (PA) versus noninterarterial course; intramural course in
he wall of the aorta versus nonintramural course; single (common) ostium shared
ith the normal coronary artery versus separate ostium; and varying degrees of
stial compromise including slit-like ostium and angulation abnormalities.7,8
Large cohort studies indicate that death from these anomalies occurs only in
atients who have an interarterial course or who have an abnormality of the
oronary origin (such as a proximal intramural course, slit-like origin, or abnormally
ngulated origin).3,9-12 High-risk lesions include both anomalous right coronary
he Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1171
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Drtery (RCA) arising from the left coronary sinus (LCS) and
nomalous left coronary artery (LCA) arising from the right
oronary sinus (RCS) (Figure E1). Surgical correction is
ommonly recommended when one of these variants is
dentified, whether or not symptoms are present. It should
e emphasized that coronary arteries that arise from the
rong coronary sinus and pass to the right of and posterior
o the aorta, or to the left of and anterior to the PA, rather
han passing between the PA and the aorta, are not believed
o carry a high risk unless there is an obstructive lesion or
bnormality of the coronary origin1,9,13 (Figure E2).
hus, these patterns do not warrant surgical intervention
n the absence of coronary insufficiency.
Specific morphologic details influence the type of surgi-
al repair. Mustafa and associates14 and Kaza, Tribble, and
rosby15 described “unroofing” of the intramural course of
he coronary artery, which creates a new coronary ostium in
he correct sinus, eliminates the course between the PA and
orta, and eliminates the intramural course (Figure E3).
When there are separate coronary ostia and no intramural
ourse, coronary artery translocation and reimplantation
ave been used (Figure E4). Coronary artery translocation,
owever, is not advisable when the anomalous coronary
rtery shares a single ostium with the normal coronary
rtery, because it is difficult to obtain an adequate button
nd potentially compromises both coronary arteries.
In patients with a single coronary ostium and no intra-
ural course, neither coronary artery translocation nor un-
oofing is an option. Coronary artery bypass grafting with
he left internal thoracic artery or vein graft has been advo-
ated by some,12,16 but there are a number of concerns
ssociated with this approach. There is concern about invo-
ution as a result of competitive flow, because flow through
he native coronary artery is normal most of the time and
nly becomes compromised intermittently with exercise. It
as been suggested that the native artery be ligated to avoid
ompetitive flow, but this creates an irreversible iatrogenic
cclusion and makes the circulation completely dependent
n a graft and anastomosis whose durability and growth
otential are uncertain.12,17,18 These concerns are particu-
arly applicable in children and adolescents, who comprise
he majority of patients.
To address these concerns, Rodefeld and colleagues19
Abbreviations and Acronyms
LCA left coronary artery
LCS  left coronary sinus
PA  pulmonary artery
RCA right coronary artery
RCS  right coronary sinuseveloped a new method of treatment, lateral PA translo- c
172 The Journal of Thoracic and Cardiovascular Surgery ● Novation, which was described in 2002 (Figure E5). This
echnique and a new modification that we now describe—
nterior PA translocation (Figure 1)—were used in this series
s part of a morphology-based management protocol. These
echniques are described in the Patients and Methods section.
We have performed a retrospective review to assess the
ppropriateness of this morphology-based surgical manage-
ent protocol, which incorporates both standard and novel
reatments.
atients and Methods
tudy Design
retrospective analysis of all patients undergoing surgery for
nomalous coronary artery arising from the wrong coronary sinus
etween January 1999 and April 2005 was performed. Surgery was
erformed at 3 hospitals by 5 surgeons in a unified program.
ollow-up was by direct contact with patient families and primary
ardiologists, and full access to all postprocedure studies was
btained. Follow-up was complete for all patients.
atient Characteristics
ighteen patients underwent repair. Patient characteristics are out-
ined in Table 1. There was a male predominance. RCA arising
rom the LCS and LCA arising from the RCS were approximately
qually represented. The anomalous artery had an interarterial
ourse in all 18 patients, an intramural course in 12, and a single
oronary ostium in 5. One patient with a single coronary ostium
lso had an intramural course, but none of these patients had an
bnormality of the origin. Thus, there were 4 patients with single
oronary ostium, no intramural course, and no abnormality of the
oronary origin.
Most (13) patients had isolated anomalies, but 5 had minor
ssociated anomalies that would not by themselves have justified
ntervention. One patient had a ventricular septal defect, but this
as restrictive and the patient was free of symptoms. One patient
ad a bicuspid aortic valve without significant insufficiency or
tenosis that was repaired, and 1 patient had a small coronary–
ameral fistula that was coil-occluded preoperatively.
Ten patients were symptomatic (Table 2). Three patients had
ustained myocardial infarctions preoperatively, and 1 had expe-
ienced severe exercise-induced pulmonary edema.
Both of the patients with syncope had an anomalous LCA arising
rom the RCS. Two of the 4 patients with a single ostium and no
bnormality of the coronary origin were symptomatic, 1 having ex-
rtional angina and myocardial infarction and the other having near
yncope with exertion.
rocedures and Technique
rocedures performed are outlined in Table 3. All patients under-
ent operation via a median sternotomy, with moderate hypother-
ic cardiopulmonary arrest and cardioplegia-induced cardiac
rrest.
Unroofing was performed whenever the anomalous coronary
ad an intramural course. The exact technique of repair was
ependent on whether or not this course was superior to the
ommisures. If there was an intramural course and the course was
lose to or above the sinotubular junction, unroofing was per-
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Dormed according to techniques described by Mustafa and associ-
tes14 and Kaza, Tribble, and Crosby15 (Figure E3). In some cases,
t was necessary to detach the aortic commissure and resuspend it.
If the course was intramural and significantly below the sino-
ubular junction, a technique of limited unroofing or “fenestration”
as used. This technique, used on 1 of the patients in this series, was
reviously reported by Karamichalis and coworkers.20 In this method,
small right-angle clamp or coronary probe is placed into the coro-
ary ostium, passed into the intramural portion of the coronary
rtery, and used to define the course of the artery as it travels in the
all around the aortic commissure and enters the wall of the
orrect sinus. The portion of the course in the correct sinus is then
nroofed or “fenestrated” with a number 11 blade and 2.5-mm to
.0-mm aortic punch (Figure E6). This avoids extensive takedown
nd resuspension of the aortic valve commissure, which can be
ssociated with aortic insufficiency.21
If the course was not intramural and the coronary arteries
ad separate origins, the origin of the anomalous artery was
xcised as a button and reimplanted. The position of reimplan-
ation was usually distal to the sinotubular junction, above the
orrect coronary sinus. This removed the coronary artery from
etween the aorta and PA, and the distal placement avoided kinking.
he original site was closed with a patch of glutaraldehyde-treated
ericardium (Figure E4).
If the course was not intramural and the coronary arteries
ad a single ostium, lateral or anterior PA translocation was
erformed. In lateral PA translocation,19 rather than trying to
ove the coronary artery out from between the aorta and PA, e
The Journal of Thoraciche PA is instead moved away from the coronary artery. This
as designed to eliminate direct compression of the anomalous
oronary artery between the two vessels and prevent exacerba-
ion of angulation of the coronary origin during compression.
he main PA was transected just before its bifurcation and
eimplanted laterally on the left main PA. The original site was
losed with a patch (Figure E5).
An additional variation, anterior PA translocation, which has
ot been previously described, was developed for situations in
hich anterior as well as left lateral displacement was judged to be
otentially helpful. The main PA and its branches are fully mobi-
ized, and then the right PA is transected and reconnected anterior
o the ascending aorta. This moves the proximal main PA away
rom its contact point with the left anterolateral aspect of the aortic
oot (Figure 1).
reoperative and Postoperative Evaluation
ll patients had preoperative echocardiograms and coronary an-
iograms for diagnosis. Three patients had preoperative magnetic
esonance imaging scans and 1 had a computed tomographic
ngiogram.
Of particular interest is 1 patient who had a single coronary
stium and LCA from the RCS without an intramural course or
bnormality of the coronary origin. A preoperative echocardiogram
learly demonstrated dynamic compression of the interarterial course
f the anomalous coronary artery, most prominent at end-systole to
Figure 1. Anterior pulmonary artery (PA) translo-
cation. A, Anomalous left coronary artery from the
right coronary sinus (RCS), with single origin and
normal proximal course. B, Both branch PAs are
fully mobilized and right branch PA is transected
and moved anterior to the aorta. C, The right PA is
reattached and a pericardial patch is added, as
necessary. This moves the main PA both anteri-
orly and leftward, relieving compression on the
interarterial portion of the anomalous artery.arly-diastole.
and Cardiovascular Surgery ● Volume 134, Number 5 1173
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DPostoperatively, patients were followed up clinically for symp-
oms, arrhythmia, and sudden death. All had electrocardiograms
nd echocardiograms for rhythm, function, and coronary anatomy.
our had stress tests and 2 had coronary angiograms.
esults
ean follow up was 2.2 years (range 1 week–5 years). Two
atients had mild postoperative pericarditis that resolved
ith medical treatment and 1 had transient complete heart
lock and had a pacemaker placed. Block had resolved by
er 3-month follow-up and has not recurred. No sudden
eaths occurred among these patients.
Symptoms improved and cardiac function remained nor-
al in all but 1 patient. This 15-year-old patient, since the
ge of 8, had had 7 episodes of syncope and chest pain after
unning or playing football, each lasting up to an hour, and
resented after one such episode with electrocardiographic
hanges consistent with anteroseptal myocardial infarction.
n echocardiogram revealed poor left ventricular function
nd dilation as well as an anomalous coronary artery. He
nderwent a cardiac catheterization that confirmed anoma-
ABLE 1. Patient characteristics (n  18)
ge
Range 6 mo–15 y
Mean 8 y
ex
Male 13
Female 5
ype of coronary anomaly
LCA from RCS 8
RCA from LCS 10
Interarterial course (between aorta and PA) 18
Intramural course 12
Single coronary ostium 5
Single coronary ostium, intramural course 1
Single coronary ostium, normal origin 4
ssociated anomalies 5
PFO/ASD 2
Restrictive VSD and PFO 1
Bicuspid aortic valve 1
Coronary–cameral fistula 1
CA, Left coronary artery; RCS, right coronary sinus; RCA, right coronary
rtery; LCS, left coronary sinus; PA, pulmonary artery; PFO, patent foramen
vale; ASD, atrial septal defect; VSD, ventricular septal defect.
ABLE 2. Patient presentation
ymptomatic 10
Chest pain 9
Syncope or near syncope 3
Myocardial infarction 3
Dyspnea on exertion 2
Pulmonary edema 1
174 The Journal of Thoracic and Cardiovascular Surgery ● Novous left main coronary artery arising from the RCS, with an
ntramural course, passing between the PA and aorta. Echo-
ardiography confirmed compression. Preoperatively, he
ad junctional and supraventricular arrhythmias. After un-
oofing, despite a cardiac catheterization showing a totally
ormal LCA, his function remained poor with an ejection
raction in the 11% to 16% range, and arrhythmias contin-
ed. He had a pacemaker/defibrillator placed and was med-
cally optimized, but heart failure worsened and he required
lacement of a left ventricular assist device. He subse-
uently underwent cardiac transplantation and is free of
ymptoms 18 months postoperatively. Examination of the
xplanted heart revealed multiple old infarctions in the
istribution of the anomalous coronary artery. The coronary
eo-ostium was patent.
At 1- to 2-year follow-up, 2 patients had had atypical,
harp chest pain, but echocardiograms, electrocardiograms,
nd coronary angiograms in 1 showed no abnormalities.
he pain was diagnosed as noncardiac, probably musculo-
keletal pain. Two other patients underwent stress tests,
hich showed no abnormalities.
Although our advice has been to continue to avoid stren-
ous athletics, 5 patients, all of whom were symptomatic
reoperatively, have insisted on returning to sports. All are
ree of cardiac symptoms, although 1 has had musculoskel-
tal pain. One patient competes regularly in 800-m to
600-m foot races, and another recently scored 16 goals on
water polo team ranked 17th nationwide.
Among the 4 patients who underwent PA translocation, 2
ad symptoms preoperatively. Postoperatively, all have nor-
al cardiac function and electrocardiograms and none has
ardiovascular symptoms. None has echocardiographic or
ngiographic evidence of coronary compression or PA ste-
osis. One had musculoskeletal chest pain, but echocardio-
ram, stress test, and angiography showed no abnormalities.
iscussion
oronary artery arising from the wrong sinus encompasses
variety of specific morphologic lesions. It is widely doc-
mented that coronary insufficiency and sudden death are
ssociated with some of these variants, specifically those
hat have a course that runs between the two great arteries
nd those that have abnormalities of the origin of the cor-
ABLE 3. Procedures performed (n  18)
nroofing or limited unroofing (“fenestration”) 11
Unroofing 8
Fenestration 3
oronary artery translocation and reimplantation 3
ulmonary artery translocation 4
Lateral 1
Anterior 3
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Dnary artery. There is a degree of uncertainty regarding the
xact pathophysiology underlying the observed morbidity,
nd this subject has been extensively discussed in the
iterature.7,11,16,17,22
Some skepticism remains regarding the role of compres-
ion of the anomalous coronary by the great vessels when
he coronary has an interarterial course. However, both
ogic and some recent evidence support the importance of
his pathophysiologic mechanism. First, a number of vari-
nts of coronary artery arising from the wrong sinus do not
ave a proximal course passing between the great arteries.
hese include anomalous coronaries arising from the RCS,
CS, and even noncoronary sinus. Coronary insufficiency is
ot associated with these variants,7,9,23 except when a con-
omitant obstructive coronary lesion, such as a slit-like
oronary ostium, is also present.1,24 In contrast, sudden
eath has been reported and coronary insufficiency has been
ocumented in several cases when an interarterial course is
resent with no other concomitant obstructive coronary
esions.1,10,12
In our own series, there were 2 symptomatic patients
ho had anomalous coronary artery from the wrong coro-
ary sinus with single coronary ostium, no intramural
ourse, and no abnormalities of the ostium. Compression
etween the great arteries was the only potential cause of
bstruction. Both had resolution of symptoms after PA
ranslocation, again suggesting that compression is etio-
ogic. Furthermore, in a study attempting to identify risk
actors for sudden death from anomalous coronary artery
rising from the wrong coronary sinus and passing interar-
erially, comparing patients with the anomaly who suffered
r did not suffer sudden death, no significant difference in
he angle of coronary takeoff, the length of intramural
egment, or the degree of displacement of the anomalous
oronary artery from the correct coronary sinus was seen,
hich suggests that the important factor is the interarterial
ourse itself.11 These observations underscore the impor-
ance of the interarterial factor as an etiologic agent in
oronary insufficiency. In addition, improved imaging, in-
luding dynamic magnetic resonance imaging,25 multislice
omputed tomography,26 intravascular ultrasound,27 stress
yocardial perfusion single photon emission computed to-
ography,28 and direct measurement of intracoronary pres-
ure,29 has documented compression and inotrope-inducible
ressure gradients within the segment of coronary artery
etween the great arteries.
When all of these factors are taken into consideration, a
rudent management approach seems to be to operate on
ny variant associated with actual coronary insufficiency
nd all variants that pass between the great arteries, even if
ound incidentally.
Morphology also forms the basis of our surgical man-
gement protocol (Figure 2). The optimal operative proce- t
The Journal of Thoracicure is determined on the basis of the specific morphologic
etails of each lesion. Unroofing and translocation proce-
ures are appropriate and effective for certain morphologic
ypes, but not appropriate for all. Coronary artery bypass
rafting has been advocated by some, especially for cases
hat are not appropriate for unroofing or translocation.12,16
e agree with those who believe that grafting is not the best
olution, especially in children and adolescents, who com-
rise the majority of patients.
As an alternative, we have developed the PA transloca-
ion procedure, which is designed to convert patients from
igh-risk variants (those passing between the great arteries)
o low-risk variants (those that do not pass between the great
rteries), without actually moving the coronary artery itself.
t is, of course, critical to document that other factors
ssociated with coronary insufficiency, such as fixed ob-
tructive coronary lesions or slit-like ostium, do not exist
hen this procedure is undertaken. Whether lateral or an-
erior translocation is chosen depends on the orientation of
he coronary artery itself, and equally important, the specific
ositioning of the aortic and pulmonary roots. The point of
otential compression ranges over a sector that is variable
ut always within the left anterolateral quadrant of the
ircumference of the aortic root. Depending on the intraop-
rative evaluation in each specific case, the more effective
aneuver is chosen. Although the numbers are small, our
mpression is that LCA from the RCS is more likely to
enefit from anterior PA translocation, and RCA from the
CS is more likely to benefit from lateral PA translocation.
Results of the study support the use of this protocol,
lthough one must use caution when generalizing the results
f a relatively small study with limited follow-up to all
atients, particularly to those who have symptoms. Use of
he various techniques, including the novel technique of PA
ranslocation, carries low morbidity and mortality, main-
igure 2. Morphology-based surgical management protocol. PA,
ulmonary artery; RCA, right coronary artery; RCS, right coronary
inus; LCA, left coronary artery; LCS, left coronary sinus.ains cardiac function, and improves symptoms in most
and Cardiovascular Surgery ● Volume 134, Number 5 1175
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Dases, and it demonstrates freedom from sudden death at
hort- and midterm follow-up. Avoiding coronary artery
ypass grafting is suggested, especially in young patients.
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iscussion
r James Jaggers (Durham, NC). In this paper the authors have
eviewed their experience with these relatively rare and potentially
ethal coronary artery anomalies. It is very difficult to know the
ctual prevalence of this lesion, but it is clear that as cardiologists’
kill with echocardiography and increased suspicion of coronary
rtery lesions increases, we will be asked to render opinions
egarding the indications and outcomes of surgical intervention.
tudies like this add significantly to our understanding of the
urgical options.
Our experience is similar to yours. We have previously re-
orted on 9 patients and subsequently performed this operation on
2 other patients, with no morbidity or mortality. Our experiences
uggest that repair can be accomplished in the vast majority of
atients. The obvious question that remains unanswered is whether
e are actually positively affecting the lifetime risk of these
atients or are we creating new risk for the future.
Dr Gulati, you and your group have used relatively standard
echniques of unroofing or modified unroofing or reimplantation in
4 patients. However, in 4 patients, in whom the LCA or the RCA
rises from the contralateral sinus and travels between the PAs
ithout taking an intramural course, you have proposed a separate
peration that includes PA translocation. You postulate that this
ill effectively relieve compression of the coronary artery between
he great vessels, presumably during exercise.
I have several questions for you.
You stated that all your patients had cardiac catheterization
efore surgery. Is this necessary, and what do you think is the
ptimal diagnostic tool to confirm this anatomy? The anatomy is
ery important, as you know, to determine whether it is an intra-
ural course versus an extramural course.
Dr Gulati. All of our patients did receive cardiac catheteriza-
ions, because we thought that this was the best technique for
ember 2007
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Diagnosis. However, some of the series in the literature have
hown magnetic resonance imaging to be a very good tool. Com-
uted tomographic scanning has also been used, but it is hard to
se on smaller patients. Thus, I do not know that cardiac cathe-
erization is necessarily the definitive tool. In fact, in a couple of
ur cases, there was a difference between the cardiac catheteriza-
ion and the magnetic resonance or computed tomographic scan,
nd the scan was correct.
Dr Jaggers. In this group of patients that shared a common
rifice with the RCA or the LCA, you chose to translocate the PAs.
ere any of those 4 patients symptomatic before the operation?
Dr Gulati. Yes, 2 of those patients were symptomatic. One
atient had chest pain and 1 had syncope. Both patients became
ree of symptoms after the operation.
Dr Jaggers. Some have recommended intracoronary stenting
or this lesion in which the artery is not intramural. Do you have
ny experience or any recommendations regarding that?
Dr Gulati. We do not have any experience with stenting.
ormally this diagnosis is made in children, and stenting is not
ecessarily a good option in children since they are growing. If you
ook at the literature, there was 1 case in which a left internal
horacic artery graft was done and a stent was eventually attempted
ecause of stenosis. That patient died on the operating table. There
s some good experience in the adult literature, so maybe it is
easonable to stent in an adult, but I would not recommend it in a
hild.
Dr Jaggers. For the PA translocations, as we know when we
o circumferential PA anastomoses, we can either create func-
ional or anatomic abnormalities of those PAs. Do you have any
chocardiographic assurance that you have not created a problem
ith this type of technique?
Dr Gulati. Yes, I did carefully review the follow-up echocar-
iograms and there was no evidence of stenosis.
Dr Jaggers. I guess the difficult things to talk about are the
ppropriate age and indications to repair these abnormalities. What
re your specific recommendations for the infant or neonate with
nomalous aortic coronary artery, be it intramural or extramural?
pecifically, would you repair any of these defects when they are
iscovered in preparation for another operation, for example, total
nomalous pulmonary venous connection?
Dr Gulati. I have not encountered that situation, but I would
ecommend repair in a patient with both abnormalities.
Dr Jaggers. Finally, some of your patients were free of symp-
oms. I noticed that you commented that in the low-risk group you
ould not recommend operation. For what specific lesions would
ou not recommend operations? Would they include the anoma-
ous RCA from the LCS with an intramural course?
Dr Gulati. In general, if you look in the pathologic series, the
atients who had an intramural course were definitely at higher
isk. In fact, in one series, 82% of the patients who had anomalous
CA from the RCS had sudden death from that abnormality. Risk was
lightly lower for RCA from the LCS, but these are really among the
igh-risk lesions. Anybody with an interarterial course, anybody with
n intramural course, and anybody with a slit-like coronary origin
hould undergo operation whether symptomatic or not.
Dr Jaggers. That has been our tactic as well. If you look at
hose series, very few of those patients died of sudden death before r
The Journal of Thoracicdolescence. We currently do not recommend elective repair in
symptomatic patients before that period of time.
Dr Thomas L. Spray (Philadelphia, Pa). I think we are seeing
ore and more of these patients now as people are getting diag-
ostic imaging as a routine procedure for pre-sports–type inter-
entions, for example. Thus symptomatic patients are now the
arity in our experience with these coronary anomalies. They are
ften being referred with very mild symptoms, if any, or some
ague symptom that may or may not be related to their coronary
isease. I think the techniques are fairly standard.
The subgroup you describe with the mobilization of the PA is
n interesting and novel technique. What I am waiting to see from
our institution is a real description of why this would work,
specially with truly good imaging studies suggesting that you can
ove the proximal PA away from the aorta simply by moving the
istal PA away from the distal aorta.
The pulmonary valve sits in the infundibulum. The annulus and
he valve sit very close to the aortic annulus and to the coronary
rtery. Moving the PA distally over to the left may make a small
ifference proximally, but the amount of movement has to be
elatively minimal since the annulus is fixed. I would encourage
ou to give us some images that show us that this actually does
ork and does relieve the compression. When you move the right
A anteriorly and then reattach it to the PA, you may also re-create
n anterior compression of the PA and aorta. Although I think this
s an interesting technique, and I have even done it on a couple of
ccasions, I really think that some good computed tomographic or
agnetic resonance imaging would enhance the utility of this
echnique and give us better convincing data that it is actually
oving the compression away from the coronary artery in these
nusual patients.
Dr Gulati. I appreciate your comments. Unfortunately, I do not
ave great images here to show you regarding that. I can tell you
hat in at least in a couple of cases there appeared to be compres-
ion on the preoperative echocardiogram, but in the follow-up
chocardiogram there did not appear to be any compression.
Dr Charles D. Fraser, Jr (Houston, Tex). I want to ask you for
ecommendations about a situation that you are not likely to
lways be involved in: What would you recommend to these
atients after repair? If I understood you correctly, 4 patients had
he translocation procedure, and 2 of them were asymptomatic.
resumably, ischemic testing before surgery was nonrevealing, as
t has been in our experience sometimes. Then you do the operation
nd the patient is still asymptomatic. The next question is, what can
hey do? Can they participate in sports? Do we need to quit worrying
bout them? As Dr. Spray has mentioned, it is a little hard to envision
ow this is changing the natural history of this problem.
What are your recommendations? We argue about this bitterly
ometimes with our cardiologists. Certainly the parents want to know:
kay, now you’ve done the operation. What can my child do?
Dr Gulati. That is a really difficult question. It is very hard to
now exactly what the right answer is.
Our recommendation has been to avoid severely competitive
ports. We have done stress testing on some patients to see whether
t would be safe to go back to sports, but there are definitely
atients in the autopsy series who had normal stress tests but died
rom the lesion. Thus it is very hard to know the right thing to
ecommend.
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DDespite our recommendations, we have had several patients who
ave insisted on returning to competitive sports. One patient, who had
reimplantation, is now running 800-m to 1600-m races and winning
hem. We had initially recommended that he not go back to sports, but
e is doing great. Fortunately, that patient had been symptomatic, sohttp://www.editorialmanager.com/jtcvs.
178 The Journal of Thoracic and Cardiovascular Surgery ● Nove had a gauge as to whether we had done anything. In asymptomatic
atients, it is really hard to know whether the risk of sudden death has
een eliminated, so it is difficult to make definitive recommendations.
he only thing that will tell is the long-term studies, and we will be
onitoring these patients long term.New Editorial Office
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DFigure E1. High-risk anomalous cor-
onary artery patterns. PA, Pulmonary
artery; P, posterior “noncoronary” si-
nus of Valsalva; L, left sinus of Val-
salva; R, right sinus of Valsalva. A,
Anomalous right coronary artery
(RCA) with separate ostium, arising
from left coronary sinus (LCS), cours-
ing interarterially, between the PA
and aorta, without intramural course
(n  2 in this series). B, Anomalous
RCA with single ostium (shared with
left coronary artery [LCA]), arising
from LCS, and coursing interarterially
between the PA and aorta, without
intramural course (n  1). C, Anoma-
lous LCA with separate ostium, aris-
ing from right coronary sinus (RCS),
coursing interarterially between the
PA and aorta, without intramural
course (n  0). D, Anomalous LCA
with single ostium (shared with RCA),
arising from right coronary sinus
(RCS), and coursing interarterially be-
tween the PA and aorta, without in-
tramural course (n  2). E, Anoma-
lous LCA with single ostium (shared
with RCA), arising from the RCS and
coursing interarterially and intramus-
cularly between the PA and aorta,
without intramural course (n  1)
RVOT, Right ventricular outflow tract.
F, Anomalous LCA with separate os-
tium, arising from the RCS, coursing
interarterially and between the PA
and aorta, with intramural course (N
 4). G, Anomalous RCA with sepa-
rate ostium, arising from the, cours-
ing interarterially between the PA
and aorta, with intramural course (n
 7). Although not illustrated here,
anomalous RCA with common ostium
(shared with LCA) arising from the
LCS, coursing interarterially between
the PA and aorta, with intramural
course, may occur (n  1).The Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1178.e1
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DFigure E2. Normal and low-risk anomalous coronary artery. B through D are considered low risk if there is no
abnormality of the coronary origin. A, Normal coronary arteries. B, Anomalous LCA with separate ostium, arising
from RCS, coursing posteriorly, around aorta. C, Anomalous LCA with separate ostium, arising from posterior
(noncoronary) sinus, coursing posteriorly, around aorta. D, Anomalous LCA with separate ostium, arising from RCS,
coursing anteriorly, around PA. For abbreviations, see Figures E1 and E2.178.e2 The Journal of Thoracic and Cardiovascular Surgery ● November 2007
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DFigure E3. Unroofing. Patient with anomalous LCA from LCS, with intramural course. A, The intramural course is
opened up over its full length, along the dotted line. B, The edges are trimmed. If necessary, the cut edges are
reinforced with fine suture and the aortic valve commissure is resuspended. This eliminates the intramural and
interarterial course and creates a neo-ostium without angulation or slit-like opening. For abbreviations, see
Figures E1 and E2.The Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1178.e3
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Digure E4. Coronary artery reimplantation. Anomalous LCA aris-
ng from the RCS. A, Before repair. B, Coronary artery is detached
ith button of aortic tissue and reimplanted above correct sinus.
lacement is slightly superior to avoid kinking. For abbreviations,
ee Figures E1 and E2.Figure E5. Lateral PA translocation. Anomalous RCA from the LCS with single ostium and normal proximal course.
A, Main PA is transected at the bifurcation and left branch PA is opened along line. B, Main PA is translocated
and reimplanted on the left PA, and original site is closed with pericardial patch. This moves the main PA laterally,
toward the left, and reduces possible compression of anomalous artery.178.e4 The Journal of Thoracic and Cardiovascular Surgery ● November 2007
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DFigure E6. “Fenestration”/limited unroofing. A, Anomalous left main coronary artery arising from the wrong
coronary sinus with low intramural course, below sinotubular junction. B, Fenestration: a limited unroofing is
performed only in the correct coronary sinus, creating a neo-ostium without angulation, in the correct coronary
sinus, and eliminating the interarterial course, without disturbing the aortic valve commissure.The Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1178.e5
